The central Italy earthquake sequence has, to date, generated three mainshocks:
INTRODUCTION
We develop a database of uniformly processed recordings from the Central Italy earthquake sequence, assign necessary metadata for analysis (source, path, and site parameters), evaluate near-fault attributes that are of special interest in highly damaged areas, and investigate attributes of the dataset relative to available global and local ground motion models. in the NGA-West2 project (Bozorgnia et al., 2014 ) that considers the Gardner-Knopoff time window in combination with between-event distance metric CRJB, defined as the distance from the centroid of the surface projection of the possible aftershock rupture surface to the surface projection of the mainshock rupture plane (Wooddell and Abrahamson, 2014) . Both approaches provide similar results for the subject events. In Table 1 , events classified as CL1 are either mainshocks or foreshocks, while events classified as CL2 are considered aftershocks. Table 1 also lists the number of usable recordings for each event at the time of our analysis (September 2017). For all events, additional recordings were made available, but were either flagged as 'bad-quality' in the ESM database (which we have confirmed by inspection of unprocessed records) or as 'restricted' in the ESM database (data are not publicly available).
Figures 1 and 2 show the spatial distribution of all permanent recording stations relative to the August and October event sources, respectively. The fault planes shown in these figures are as described by Galadini et al. (201x) . 
SITE CONDITIONS
In keeping with international standards, we use time averaged shear wave velocity in the upper 30 m (VS30) as the primary site parameter. We take VS30 from measurements where 
Mascioni, Campotosto (MSC), (5) Norcia (NRCA), and (6) Montereale (MTR). 
DATA PROCESSING
The ESM database has both unprocessed and processed accelerograms (using the ITalian 
NEAR-SOURCE GROUND MOTIONS
As shown in Figures 1b and 2b , there are several recordings near the surface projections of the M6.1 24 August and M6.5 30 October mainshocks fault sources. While data from these stations were processed using standard procedures, additional processing was also performed to identify pulse-like features and to preserve static offsets, which is described here. We investigate the presence of fling-step effects that can be present in near-source recordings, especially on the hanging wall of dip-slip faults. As described in GEER (2016), we did not find appreciable fling in the three near-fault records from the 24 August event. Ground motion stations ACC, AMT, and T1216 (not on hanging wall) also have nearly colocated GPS stations (ACCU, AMAT, and MUVI, respectively). As shown in GEER (2017), both instrument types in each case showed a lack of fling step displacement, which is an encouraging lack of 'false positives'.
COMPARISON TO GROUND MOTION MODELS
Ground motion models (GMMs) are typically used within seismic hazard assessment frameworks for predicting expected levels of shaking given magnitude, source-to-site distance, site condition, and other factors. In this section, we compare GMM predictions to observed data. The objective of these comparisons is not to identify a preferred model. Rather, the aim is to facilitate visualization and identification of the main features of the recorded data.
In recent years, several studies focused on the selection of suitable GMMs for use in global (Stewart et al., 2015) , regional (Delavaud et al, 2012) , or site-specific applications in Italy (Zimmaro and Stewart, 2017) . These selections are often performed by comparing GMM predictions over a parameter space of engineering interest. While local models can reflect local geologic and tectonic conditions, which may differ from those represented by global models, the limited database size used to develop local models may be inadequate to constrain GMMs for conditions often critical for application (large magnitudes and small distances). Global models are more effective for such conditions, because they are typically based on much larger databases, but may contain bias with respect to local effects. Regional adjustment factors can be used to reduce the bias of global models, which are typically applied to anelastic attenuation and site effects.
In consideration of the above, we compare recorded data to the following GMMs applicable The performance of multiple GMMs relative to the data can be more directly assessed using residuals analysis. We calculate total residuals for each data point considering the appropriate source-to-site distance and site condition as follows:
where Yi is the ground motion intensity measure from recording i and ln is the natural log mean for that same intensity measure from a GMM, with the appropriate arguments for the model (magnitude, distance, site parameter). For the NGA-West2 models (NGA2 and NGA2-I), ln is taken as the average of the natural log means of the three considered GMMs. For Bea11, the median prediction is used. Total residuals are then partitioned as follows to compute the random effect for each event  (also called the event term), and the remaining residual  (also called within-event residual) (e.g., Stafford, 2012):
where ck is a bias term assumed for the present analysis to be null (to the extent that such a bias might exist, it is included in our estimates of ). The primary benefit of this approach is that first-order path and ergodic site effects are removed by the residuals calculation, so that the Kriged quantity is stationary. We presented an earlier version of ground motion maps derived using the processes described here in GEER (2017). These maps can be used to compute ground motion intensity measures for location j as:
where   
SUMMARY AND CONCLUSIONS 11
The ground motions recorded during the 2016 Central Italy earthquake sequence are an 12 invaluable resource for gaining improved understanding of seismic hazard associated with 13 normal fault earthquakes, both as mainshock events and their aftershocks. Italy has several 14 well-maintained networks of digital instruments that produced a rich inventory of data that will 15 be studies for years to come. Our goals in this paper and related work (GEER 2016 (GEER , 2017 were 16 to provide a uniformly processed dataset, developed in a manner consistent with international 17 standards, consisting of recordings and metadata for three notable mainshock events and three 18 aftershocks. 19
All ground motions are uniformly processed on a component-by-component basis and 20 produce lowest usable frequencies ranging from 0.02 to 3.6 Hz. Additional processing was 21 performed of instruments in the near fault region to investigate fling step effects, and several 22 instances of this are identified that produce displacements similar to those from adjacent GPS 23 sensors. We examined the data for evidence of rupture directivity, but found neither consistent 24 polarization of ground motion in the fault normal direction nor clear evidence of pulse-like 25 features in velocity time series. 26
Source attributes are assigned to each recording using information from Galadini et al. 27 (201x, this issue). Analysis of the data relative to ground motion models shows general under-28 prediction of near-fault ground motions, trends of scaling with distance that are general 29 consistent with available models up to about 100 km, and relatively fast distance scaling 30 beyond 100 km that is captured to a mixed degree by available models. We encourage the 31 incorporation of these effects into future iterations of Italy-specific models. 32
Analysis of residuals indicates the ground motions from mainshock events are, on average, 33 lower than expectation from global models at short periods. We also show regions around the 34 faults with higher, and in a few cases, lower ground motions than expected based on Kriging 35 of within-event residuals. These results are used to produce ground shaking maps applicable 36 to a firm soil/weathered rock reference site condition. 37
